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1.

REGENERATING ALKANOLAMINE
DESULFURIZER SOLUTIONS

FIELD OF THE INVENTION

The method of this invention relates to the absorption

of HyS and CO; from gas streams using alkanolamine

absorbing solutions. More particularly, this invention
relates to the regeneration of spent alkanolamine ab-
sorbing solutions eontalmng H>S and CO2.-

| BACKGROUND OF THE INVENTION

| Selectively removmg H-S from a gas stream contain-
~ing HzS and COz is a process common to many indus-
- tries such as the coke-making, the petroleum and. the

 natural gas industries. Of the several techniques for such
- removal that are commonly employed, one utilizes the
- selective removal of H3S into aqueous alkanolamine

-absorbing solutions which can then be regenerated to

- afford a concentrated H»5 gas stream for further pro-
- cessing in a sulfur recovery system. The H;S and CO;
containing gas stream, such as a coke oven gas stream,
is usually treated with the alkanolamine absorbing solu-

tion in any suitable absorption apparatus such as a

packed bed absorber, a spray contact apparatus, a bub-
ble-cap tray absorber or the like.

The H>S will react almost instantaneously with the
aqueous alkanolamine solution to form alkanolam-
monium sulfide or hydrosulfide. Carbon dioxide, on the
other hand, takes a significantly finite time to react with
the water in the alkanolamine solution to form carbonic

“acid according to the well-known equilibrium reaction

prior to reacting with the alkanolamine to form al-
kanolammonium carbonate or bicarbonate. Thus the

CO» does not tend to be taken up by the alkanolamine

solution as readily and is consequently not removed
from the gas stream as quickly as the H>S. Accordingly,
by controlling the time that the gas is in contact with
-the absorbing solution, H,S can be selectively removed.

-Subsequent to the absorber is the desorption stage in
which the absorbed gases are driven out of the spent

absorbing solution by the application of heat, such as
stripping steam, to decompose the: alkanolammonium
sulfides and carbonates. It takes a longer time to decom-
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2

Mandated changes in coking practices owing to gov-
ernmental regulations resulted in increased levels of

- CO; being generated during the coking.process. Conse-

quently, the spent alkanolamine absorbing solution from
the absorption stage contained relatively more CO;.
This caused the H3S and CO; acid gas stream emanating
from the desorption stage to have its CO> content in-
creased to such an extent that the percentage of H3S
dropped to near or below that amount necessary to
maintain the Claus sulfur recovery plant operative.

Furthermore, the regenerated alkanolamine solution

also eontamed more CO; which caused corrosion prob-
lems in the reboiler steam tube bundle of the desorption

- stage because of the formation of extremely corrosive
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carbamates. This corrosion problem has necessitated
interruption of the operation and replacement of the
reboiler tube bundle. Diligent use of corrosion inhibi-

tors may extend semewhat the llfe of the rebeller tube

bundles.

U.S. Pat. No. 4, 073 863 discloses a method for regen-
erating absorbing solution used for remevmg acid gases
from gaseous mixtures. Regeneration is effected by

‘steam stripping in a desorption stage comprising a main

column operating at a high pressure and by means of a
supply of outside heat and a secondary column operat-
ing at a lower pressure and substantially by means of the
steam obtained by the expansion of the solution which
had been regenerated in the main column. The ex-
hausted absorbing solution is incompletely regenerated
in one of the two columns and then completely regener-

_ated in the other column. In one of the.disclosed em-

~ bodiments the spent absorbing solution is conveyed to a
~ secondary regeneration column at a lower pressure and
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-pose the alkanolammonium carbonates and strip the

CQ; from the alkanolamine solution than to strip the
HjS because of the necessity of proceeding through the
carbonic acid equilibrium reaction to yield water and
the CO;, which is finally expelled. The alkanolam-
montum sulfides, on the other hand, simply break down

then conveyed to the main regeneration column at a
higher pressure. In the secondary column the spent
solution is heated and pre-regenerated by the steam
produced by the expansion of the regenerated solution
extracted from the main column. The regeneration of
the solution is completed in the main column through

supply of heat from the outside. The patent states that

this embodiment has the advantage of desorbing H2S
substantially in the secondary column.

The shortcoming of the above referred- to embodi-
ment of U.S. Pat. No. 4,073,863 is that it would not be

applicable to the regeneration of an alkanolamine ab-

- sorbing solution although it is applicable to carbonate

50

directly to yield HjS which is quickly expelled from the

solution. Liberating the H,S and CO; affords a regener-
ated absorbing solution from which substantially all the

H3S has been driven off, but which still contains a sig-
- nificant amount of absorbed CO», for recycling to the
absorber. The lhiberated H3S and CQO; form an acid gas
stream which.is directed to a sulfur recovery plant, such
as a Claus plant or sulfuric acid plant. Since H>S and
CO> are desorbed at different rates, the ratio of H»S to
CO3; 1n the acid gas stream will be higher than that in
either the spent or the regenerated absorbing solutions
under steady state operating conditions. Of particular
importance, the HaS content of the acid gas stream must
be a minimuin percentage in order to maintain the oper-
ation of the Claus plant burner. If the content of the H»S

relative to CO; falls too low, the Claus burner will be
extinguished.

335
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absorbing solutions. The secondary, low pressure re-
generation column would not provide the temperatures
which are necessary to strip even a significant amount

of HzS and CO; from an alkanolamine absorbing solu-

tion. Consequently, essentially all the stripping of the
H>S and CO; would be effected in the main, high pres-
sure regeneration column. This means that the solution
from the main, high pressure column fed to the reboiler

-would be extremely corrosive resulting in the same

problem encountered in the conventional system. On

‘the other hand, if the secondary, low pressure column

were indeed operated at a temperature and pressure
sufficient to drive the H>S from the alkanolamine solu-

“tion, .operating the main regeneration column at a still

~ higher pressure would be very wasteful in terms of

65

eompressmn costs and heat economy. -
Consequently there is a need for an alkanolamine
regeneration process which reduces the CO;level in the

‘acid gas stream to a sulfur recovery plant, such as a

Claus plant or sulfuric acid plant, to improve its effi-
ciency and also reduces the CO; level in the regenerated
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solution to increase the capacity of the desulfurizing
absorption stage.

There is also a need for an alkanolamine regeneration
process that reduces the corrosion problems which

necessitate the frequent replacement of the reboiler 5
steam tube bundle.

There is additionally a need for an alkanolamine re-
generatlon process which produces an acid gas stream
that has an increased H>S content and mamtams the
Claus sulfur recovery plant operative. 10

~There is in addition a need for a regeneration process
that does not require the operation of a plurality of
desorption stages each at different pressures.

SUMMARY OF THE INVENTION

The aforementioned difficulties and needs relatlng to
the regeneratlon of alkanolamine absorbing solutions
used in desulfurizing an H>S and CO; containing gas
stream can be solved in accordance with the present
invention. We have discovered a method for regenerat- 20
ing a spent alkanolamine absorbing solution which is
applicable to a process for treating an H>S and CO»
containing gas stream with an alkanolamine absorbing
solution in an absorption stage. The gas treating pro-
cesses to which this invention is applicable generally 25
further comprise removing from the absorption stage a
spent alkanolamine absorbing solution containing ab-
sorbed H2S and CO;, conveying the spent absorbing
solution to a desorption stage, steam stripping the ab-

sorbed H;S and CO; from the spent absorbing solution 30

to yield an H2S and CO; acid gas stream for routing to
a sulfur recovery plant and a regenerated alkanolamine
absorbing solution for recycling to the absorption stage.
The improved method for regenerating the spent ab-
sorbing solution comprises 35

(a) passing the spent alkanolamine absorbing solution
to a first desorption stage,

(b) stripping the spent alkanolamine absorbing solu-
tion with steam to liberate substantially all the
absorbed Hj3S yielding an acid gas stream for the 40
sulfur recovery plant and a partially regenerated'
alkanolamine absorbing solution,

(c) passing the partially regenerated alkanolamine
absorbing solution to a second desorption stage,

(d) stripping- the partially regenerated alkanolamine 45
absorbing solution with steam under substantially
the same pressure existing during step (b) to liber-
ate primarily CO; and to afford a regenerated alka-
nolamine absorbing solution for recycling to the
absorption stage, and 50

(e) heating the regenerated alkanolamine absorbing
solution to generate stripping steam which 1s pro-
portioned between the first and the second desorp-
tion stages to effect the stripping of H»S and CO31n
steps (b) and (d), respectively. 55

The invention utilizes two desorption stages to pro-

- duce two separate acid gas streams. The first acid gas
stream that contains substantially all the H>S with some
CO» is sent to a sulfur recovery system and the second
acid gas stream that contains primarily CO3> with very 60
little H>S may be vented to the atmosphere. The high
H>S content in the first acid gas stream will easily main-
tain a Claus plant operative. The desorption stages are
connected in series and are operated at substantially the
same above atmospheric pressure within the range of 65
8-12 psig. Moreover, by using a single reboiler to heat
the fully regenerated absorbing solution to supply strip-
ping steam to both desorption stages, the concentration

4

of CO» in the alkanolamine absorbing solution in the
reboiler is kept sufficiently low to avoid significant
corrosion problems which would exist in the reboiler

associated with the first desorption stage if each desorp-

tion stage was supplied with steam from its own associ-
ated reboiler. The alkanolamine composing the absorb-
ing solution may be, for example, monoethanolamine,

diethanolamine, di-isopropanolamine or any other alka-
nolamine known in the art for removing H)S and CO»
from gas streams.

DESCRIPTION OF THE DRAWINGS
FIG. 1is a tlow dlagram of the basw method of this

:IHVEHUGH
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FIG. 2 is a schematic representation of the steps of a
preferred embodiment of the process of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to the block diagram in FIG. 1, and H>S
and CO» containing gas stream enters an absorption
stage where acid gas contaminants are absorbed into an
aqueous alkanolamine absorbing solution in a manner

~described, for example, in The Gas Conditioning Fact

Book, Chapter 3, Dow Chemical Co., 1962 and other

references well known in the art. The gas stream with

the H»S and much of the CO> removed leaves the ab-
sorber as a desulfurized gas stream. The spent alkanola-
mine absorbing solution is sent to a first desorption stage
in which the spent solution is partially regenerated with
sufficient steam to desorb substantially all the HS and a
portion of the CO; which leaves as an acid gas stream.
The partially regenerated solution is next conveyed to a
second desorption stage supplied with sufficient steam
to desorb a major portion of the absorbed CO»3 to afford

‘a fully regenerated alkanolamine absorbing solution for

recycling to the absorption stage.

Referring now to FIG. 2, the preferred embodiment
of the invention will be described as a process for desul-
furizing coke oven gas with an aqueous monoethanol-
amine (MEA) absorbing solution. Sour coke oven gas
(COG) in stream 10, containing about 350 grains H3S
and about 28 grains of HCN per 100 ft3 of gas (8.0 g/m}
H>S and 0.64 g/m3 HCN) and about 2.5% by volume
CO»,, enters an absorber 12 operating at a pressure of
about 1 psig (1.07 atm abs) and a temperature from
80°-115° F. (27°-46° C.) in which the downward flow
of a 15% aqueous MEA solution scrubs out the acid
gases in a process known in the art as “‘sweetening” the
gas stream. The sweetened coke oven gas exits as desul-

furized gas stream 14 which contains roughly 20 to 25

grains H»S per 100 ft3 (0.45 to 0.57 g/m7), a negligible
amount of HCN and about 1.1% by volume CO». For a
daily coke oven gas flow rate of about 100 million ft’
(2.83 X 106 m?), the circulation rate of the MEA solution
would be about 700 gpm (2650 1/min).

After sweetening the coke oven gas, the spent MEA
solution in stream 16, containing about 500 ppm HCN,
6000 ppm H>S and 25,000 ppm CO», leaves the absorber
12 and is pumped to the two stage desorber 18, after
having passed through a heat exchanger 20 to extract
heat from the hot regenerated MEA solution returning

~as stream 56 to the absorber 12. The heated, spent MEA

solution enters the top of the first desorption stage 22
comprising a distillation column of appropriate design
operating at 240°-250° F. (115°-121" C.) under a pres-
sure of 8 to 12 psig (1.54 to 1.82 atm abs), where 1t 1s

countercurrently contacted with steam from line 62
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flowing at a rate of about 0.9 lb/gal (0.108 kg/1) of
absorbing solution. Under such conditions the partially
regenerated absorbing solution 24 at the bottom of the
first stage contains about 230 ppm Hj3S and 17,000 ppm
COs. If a higher steam rate of perhaps 1.0 Ib/gal (0.12
kg/1) were used, this bottom solution 24 would then
contain about 140 ppm H3S and 14,300 ppm CO3. In the
‘practice of this invention a practical stripping steam rate

is 0.5 to 2.0 Ib/gal (0.06 to 0.24 kg/1) of absorbing solu--
tion. It should be noted that the degree of stripping in

this stage has some ﬂexlblhty and relates directly to the
allowable amount of CO; in the acid gas stream to the
sulfur recovery system and the amount of H)S ulti-
mately to be vented to the atmosphere from the second

10

desorption stage described hereinafter. Thus the level of 15

H>S remaining in the partially regenerated solution
leaving the first desorption stage must be predetermined

and a sufficient rate of stripping steam supplied to

achieve this level of H;S desorption.. |

The acid gases and the water vapor from the first
desorption stage 22 exit the top in stream 26, are cooled
in an overhead or reflux condenser 28, and are collected

20

in a phase separator (or accumulator) 30 which is segre-

gated from desorption stage 22 by partition 31. From
phase separator 30 the condensate 32 as stream 33 is
combined with stream 16 and returned to the first de-

25

sorption stage 22 and the acid gases in gas stream 34 are.

sent to a sulfur recovery system such as a Claus plant,
not shown. In the case of a steam stripping rate of 0.9
b/ gal (0.108 kg/1) in this first desorption stage, the acid
gases in gas stream 34 amount to about 850 ft3/min (24.1
‘m3/min) comprising about 42% Hj3S, 4% HCN, and
54% CO;. This 1s a considerable improvement over a
conventional system having a single large desorption
stage that would produce about 1200 ft3/min (34
m3/min) of acid gases containing only about 30% H3S,
about 5% HCN and about 65% CO;. This conventional

30

35

system operates at a steam rate of about 0.9 1b/gal (0.108

kg/1), a pressure of about 8 to 12 psig (1.54 to 1.82 atm
abs) and a temperature of about 240°-250° F. (115°-121°
C.) but has a single, larger desorption column so that the
residence time-of the solution in the desorption column
1s long enough to permit the required desorption of
CQO;. The regenerated solution must be stripped of
enough COjso that it sufﬁ(::lently absorbs the HjS in the
absorption stage.

The partially regenerated solution 24 leaving the

40

435

bottom of the first desorption stage in stream 36 enters

the top of the second desorption stage 38 which is segre-
gated from phase separator 30 by partition 39. In the
second desorption stage 38 the solution 1s similarly
steam stripped of a good portion of the residual acid
gas, which at this point 1s mostly CO». The steam flow
rate from line 64 for this stage, which may be 0.5 to 1.0
Ib/gal (0.06 to 0.12 kg/1) of absorbing solution, is prefer-
ably about 0.5 to 0.6 1b/gal (0.06 to 0.072 kg/1) in order
to remove the CO; to levels of less than 0.06 moles
COy/mole MEA so as to minimize corrosion of the
~ vulnerable reboiler tube bundie 48 1n reboiler 44.

The bottom solution 40 in the second desorption
stage 38 leaves as stream 42 and enters the reboiler 44.
Steam is conducted by line 46 through reboiler 44 via
tube bundle 48 to indirectly heat and boil the MEA
solution. Hot regenerated MEA solution passes from
reboiler 44 by line 50 into surge tank 52 which may also
receive MEA make-up stream 54. From surge tank 52
the hot regenerated MEA solution passes as stream 56
through heat exchanger 20 in which 1t loses scme of its

30

33

60

65
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heat to spent MEA stream 16 and through cooler 58 in
an unexpanded state to finally enter absorber 12 as
cooled, regenerated, recycled MEA absorbing solution
which is now at a temperature of 90°-110° F. (32°-44°
C.). The MEA solution now contains about 5000 or less
ppm COj and about 15% by weight MEA. . |

In reboiler 44, which i1s operated at 8-12 psig

(1.54-1.82 atm abs) pressure, MEA solution is boiled at

about 247° F. (120° C.) to produce a total steam rate of
about 1.5 lb/gal (O 18 kg/l) of solution. The steam

-leaves reboiler 44 in stream. 60 which branches into
stream 62 and 64 to supply steam for the first and the

second desorption stages, respectively. Steam stream 60
should consist of about 1100 1b/min (500 kg/min) steam
and about 100 ft3/min (2.83 m3/min) CO;. About 100
Ib/min (45.4 kg/min) steam is provided by stream 66
from the reclaimer 68. A slip stream 70 of hot regener-
ated MEA solution is fed to reclaimer 68 to recover

chemically bound MEA and to remove dissolved solids

as sludge stream 72 for disposal. Steam is supplled to
reclaimer 68 by line 74. | |

As in the first desorption stage 22 the acid gases and
water vapor in stream 76 leave the top of the second

“desorption stage 38, are cooled in a reflex condenser 78
and are collected in a phase separator 80 which is segre-

gated from the second desorption stage by partition 81.
The condensate 82 in stream 83 from phase separator 80
is joined with stream 36 for passage into the top of
second desorption stage 38. The liberated acid gases in
stream 84 from phase separator 80 are released to the
atmosphere since the stream 84 comprises about 480
ft3/min (13.6 m3/min) of COj;. The H>S content of
stream 84 is equivalent to about 10 grains/100 ft3 (0.23
g/m>) of coke oven gas.

This method for regenerating alkanolamine desulfu-
rizer solutions readily provides a desulfurizer system
capable of producing a sweetened coke oven gas having
50 grains or less HyS per 100 ft3 (1.1 g/m?) of sweetened
gas. This invention has all the elements of a conven-
tional alkanolamine desulfurizer system operating at
similar temperatures, pressures and flow rates. The
difference lies in the regeneration of the spent absorbing
solution in two _desorption stages connected in series,
each stage generating its own separate acid gas stream,
and in having a single reboiler provide stripping steam
to both desorption stages.

While particular embodiments of the present inven-
tion have been shown and described, it is apparent that
various changes and modifications may be made, and it
is therefore intended in the following claims to cover all
such modifications and changes as may fall within the
true spirit and scope of this 1nventlon

‘We claim: -

1. In a process for treating an H>S and CO; contain-
ing gas stream with an alkanolamine absorbing solution

‘in an absorption stage, removing from the absorption

stage a spent alkanolamine absorbing solution contain-
ing absorbed H3S and CO3, conveying the spent absorb-
ing solution to a desorption stage, steam stripping the
absorbed H;S and CO; from the spent absorbing solu-
tion to yield an H»S and CO; acid gas stream for routing
to a sulfur recovery plant and a regenerated alkanola-
mine absorbing solution for recycling to the absorption
stage, the improvement comprising
(a) passing the spent alkanolamine absorbing solution
to a first desorption stage, |
(b) stripping the spent alkanolamine absorbing solu-
tion with steam to liberate substantially all the
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- absorbed H3S vyielding an acid gas stream for the '

sulfur recovery plant and a partially regenerated
alkanolamine absorbing solution,

(c) passing the partially regenerated alkanolamine
absorbing solution to a second desorption stage,

(d) stripping the partially regenerated alkanolamine

‘absorbing solution with steam under substantially
the same pressure existing during step (b) to liber-
‘ate primarily CO; and to afford a regenerated alka-

nolamine absorbing solution for recycling to the

~absorption stage, and

(e) heating the regenerated alkanolamine absorbing

‘solution to generate stripping steam which is pro-

10

15

~ portioned between the first and the second desorp-

tion stages to effect the stripping of the H»S and the
COz in steps (b) and (d), respectively.

20
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2. The process of claim 1 in which the first and the
second desorptlon stages are operated in the pressure

_range of 8-12 psig.

3. The process of claims 1 or 2 in which the alkanola-

mine 1S monoethanolamine.

4. The process of claims 1 or 2 in which' the stripping
steam is generated under an 8-12 psig pressure.

5. The process of claim 4 in which the alkanolamine
i$ monoethanolamine. - '

6. The process of claim 1 including
-~ (f) cooling the regenerated'alkanolamine absorbing

solution and passing the cooled solution in an unex-

- panded state to the absorptlon stage.

7. The process of claim 6 in which the first and the
second desorption stages are operated in the pressure
range of 8-12 psig. |

8. The process of claims 6 or 7 in ‘which the alkanola-

mine is monoethanolamine.

B T I 2 T
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